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HA\n:NG A RATIO OF STIFFENER THICKNESS TO 
SKIN THICKNESS EQUAL TO 1.00 
By William A. Hickman and Norris F. Dow 


SUI'tlARY 


Results are presented for a part of a test program on 
24S-T alminum-alloy flat compression panels with longitudinal 
formed hat-section stiffeners. This part of the program is 
concerned with panels in which the thickness of the stiffener 
material is equal to the thickness of the skin. The results, 
presented in tahular and graphical foim, show 'the effect of the 
relative dimensions of a panel on the buckling stress and the 
average stress at maximum load. Comparative envelope curves are 
presented for hat-stiffened and Z-stiffened panels having the same 
ratio of stiffener thiclmess to sheet thickness. Tliese curves 
provide some indication of the relative structural efficiencies of 
the t^ro types of panel. 


INTRODUCTION 


An extensive experimental investigation of the strength of 
24S-T al-uminum-alloy flat compression panels with longitudinal 
formed Z-section stiffeners was reported in reference 1. The 
data presented in reference 1 were reworked on the basis of a 
selected design parameter and were used for the preparation of 
design charts in reference 2, A similar investigation is now 
being conducted on panels of the same material with formed hat- 
section stiffeners for the, purpose of making design charts like 
those of reference 2 and also to provide an eventual complete 
comparison of the structural efficiencies of the two types of 
stiffener . 
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The initial part of the test program on panels with hat”section 
stiffeners was reported in reference 3* fhe second part of this 
test program has now been completed and tlie results are presented 
herein; this part of the program is concerned wj.tli panels in which 
the thickness of the stiffener material is equal, to the thiciuiess of 
the skin. 


SYliBOIS 

Symbols for dimensions of panel cross sections are shov/n in 
figure 1. In addition, the following symbols are used: 

compressive load per inch of panel width, kips per inch 

Aj^ cross"sectional area per inch of panel width, or equivalent 

thiclmess of panel, inches 

L length of panel, inches 

c coefficient of end fixity in Suler column formula 

local-buckling stress of skin or stiffener, ksi 
Of average stress at failure, ksi 


TEST SPECII'iENS • 


The test panels each had six stiffeners. Both -fce skin and 
stiffeners were made of 24S-T aluminum-alloy sheet with the grain of 
the material parallel to the longitudinal axis of the panels . xhe 
with-grain compressive yield strength of the skin material ranged 
bet\7een 42.7 ksi and 45-4 ksi with an average of 43.9 ksi and that 
of the stiffener material before forming varied between 42 .8 ksi 
and 45.3 ksi with an average of 44.0 ksi. 

For the tests reported herein, tlie nominal thickness of the 
stiffenei’ material and the skin material was 0.040 inch. The 
nominal ratio of the stiffener thiclmess to the skin thickness %f/tg 

was therefore constant at 1.00. With these- dimensions knoiva, 
numerical values for all ci’oss-sectional dimensions can be found 
by means of the proper dimension ratios . The stiffeners were 
formed from flat sheet to an inside radius of O.125 inch for all 
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bends 




Tlie •'■ridth of the attachment flange was O .65 inch 


for all stiffeners. The rivet lines on the stiffeners were on the 
longitudinal center lines of the attachment flanges. A typical 
panel cross section is shovTi in figvire 1. 


The NACA flush-rivet method (reference 4) iras employed in the 
construction of the test specimens . The rivet holes were covinter- 
sunk on the skin side of the panel to a depth of three- fo\irths of 
the skin thickness, the countersink having an included angle of 6o°. 
Ordinary flat-head A17S-T aluminum- alloy rivets were inserted from 
the stiffener side, and the shanks were iipset into the countersunk 
cavltj'’ . The protruding part of the upset shank was then milled off 
to provide a smooth surface. Tlie rivet diameter was I /8 inch and 
the pitch was 1/2 inch. 


In order to ensure -uniform bearing in the testing machine, the 
ends of each panel were ground flat and perpendicular to the longi- 
tudinal axis of the panel. 


I-ISTHOD OF TTCSTING 


The specimens were tested flat-ended, without side support, 
in the 1,200, 000 -pound-capacity testing machine at the Langley 
structvires research laboratory. For the testing machine, Wtliin 
the range of loads used, the indicated load is within one-half 
of 1 percent of the applied load.. Provisions were made for setting 
the specimens in the testing machine in such a manner as to maintain 
the flatness of the panels and afford uniform bearing at the ends . 
Figure 2 shows a panel prepared for testing. 

Resistance-type wire strain gages were used to measure strains 
at successive increments of load. The gages were placed in -those 
locations on the stiffeners end skin where buckles were expected 
to appear first. 


RESULTS AND CONCLUSIONS 


Results and conclusions for hat-stiffened panels .- By use of 
the method set for-th in reference 5» it has been foiuad that for 
panels similar to those of this investigation, which were tested 
flat-ended in the same testing machine, -the coefficient of end 
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fixity c is about 3 •75* value of c was consequently 

used in reducing the present data. 


In order to obtain the average stress at failure o^, tlie 


load at which failure occurred was divided by the cross'sectional 
area of the panel. No adjustment was made to offset the effect of 
having an vaiequal number of stiffeners and bays. The effect of _ 
such an adjustment would be to decrease slightly the values of Of 

ts 


at high values of 


and 


?i 


L/\/c* 


Inasmuch as the purpose of the 


present paper is to present test data, however, and not to prepare 
final design charts, the adjustment was considered unwarranted. 


In order to obtain the buckling stress for each panel, the 
strain-gage readings were plotted in the form of load- strain curves 
and the buickling load was taken as the load beyond which there was a 
decrease in local compressive strain, as shown by the reading of a 
gage near the crest of a buckle . The buckling load was divided by 
the cross-sectional area of the panel to give the observed buckling 
stress . An adjustment was made in the observed buckling stress to 
correct for slight variations from the nominal dimensions of ohe 
specimens. The method for making the adjustment is explained in 
the appendix of reference 3* 


Because stresses are determined by the relative rather than 
the absolute dimensions of the panels, nondimensional ratios are 

used in presenting the data. In reference 2 the quantity 


is developed as a suitable parameter against which to plot the 
average stress at maximum load. This parameter is used in plotting 
the results of the tests in the present investigation. 


Tables 1 to U (facing figs. 3 to 6) list both, the observed 
and the adjusted buciaing stresses, together w'ith the average 


stress at failure, for corresponding values of 


2i_. 

L/\/c * 


The 


ratio Aj^/tg is inclx'.ded in the tables for convenience in making 

comparisons between the hat- stiffened test panels and the Z- stiffened 
panels of reference 2. Values of L/yc are also given. 


In figures 3 to 6 the average stress at failure is plotted 

p . 

asainst — ^ for the various dimension ratios used. The initial 
L/Vc 

dashed parts of the curves were computed from the column strength 
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oi' the panels based on norainal dimensions and a column curve 
obtained from e']uations (')) and (6) and table 1 of reference 6; tho 
solid-line parts of the curves vero di’avn tlirough the experimental 
test points. 


The pi-’iDiary results of this investigation are to be found in 
the numerical values of test data contained in the tables and 
figures. In addition, the fo3.1owing general conclusions may be 
draun regarding the effect of the various dimension ratios on t!:e 
strength of the test par-.elr 5 • It is assumed tiiat as each dimension 
ratio is changed all others remain constant. Tliese general con- 
clusions can only bo considered to apply uithin the r'Vmge of 
panels tested. 

P. 

. When the parameter — 7 — has a very low value (long panels 

L/\fS 

that fail by col-^jmn bending) , the stress devej.oped by the panels 
increases witii an increase in br^r/ty because increasing the height 

of the stiffeners provides increased colimiri strength. For high 

p . 

values of ■ (short panels that fail by local budding), however 

L//c 

the stress decreases as increases becaiTse increasing the 

height of the stiffeners decreases the loc{d-bu.dding strength. 

p . 

2. At very high values of — i— (short panels that fail by 

L/'/c 

local buckling) , an increase in tlie ratio "bjj/b^^^ tends to decrease 

the stress developed by the panels because increasing the ^ddth of 
the stiffeners decreases the local -bVvCkling strength. 


3 . Except at very low values of 


L/v^c 


(loneg panels that fail 


by co.lumn bending) , the stress developed by the tost panels 
increases as bg/tg is decreased because decreasing the stiffener 

spacing increases the local -buckling strength. 


Comparison of hat-stiffened and Z-stlffened panels .- In 

Pl 

reference 2, envelope curves of a+. against were presented 

^ L/y c 

for Z-stiffened panels with foiur values of the ratio 


Although the present paper is based on far less data than was 
reference 2, it is possible to prepare a similar envelope curve 
based on the present testa. In figure 7, such an envelope curve 
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% 

is compaa’ed with that for Z-stiffened panels with — = 1.00. It 

should not ho inferred that the ratio %/% considered a proper 

basis for final comparison; a better comparison irould be provided 
by actvial comparative designs, or by curves of the type presented 
in figures l8 to 20 of reference ?. The present data, however,^ 
are too limited for such an expedient and consequently h.j/ts is 

used to afford a tentative ovaltiatlon. 


The most immediately evident feature of figure 7 is that the 
values of 0^ for hat-stiffened panels are apxjreciably lower than 

those for Z-stiffened panels at high values of Several 

factors (see reference 3) could be responsible for this difference^ 
It is apparent from figure 1 that the clear distance between tne 
sides of adjacent stii'feners is appreciably greater than bg, the 


distance from rivet 13.ne to rivet line . In fact, had bg been 
measured as th.e clear distance between the sides 01 the stiffeners, 
all values of bs/tg would have been increased by about l4 . On 

this basis, the lowest valixe of tg/tg Included in the present 

program is 39, whereas the Z-stiffened panels included values of 
this ratio dovn to 25. It is quite likely that data for hat- 
stiffened panels with values of bg/tg lower than 25 (measured 

as in fig. l) woTold produce curves that wonld rise above the 
envelope curve for hat-stiffened panels in figure 7, at hi^i 


values of 



There was a factor in the present tests, however, which tended 
to improve the efficiency of the hat-stiffened panels as compared 
with that of the Z-stiffened panels of reference 2; the rivets 
were, relative to the sheet gages, larger and more closely spaced 
than’ those in the Z-stiffened panels. The data of reference 8 
indicate that stronger riveted joints in the Z-stiffened panels 
would have brought about some increase in strength at high values 


for 

the 


On the other hand, it is pointed out in reference 2 that, 

ti ^g 

— = 1.00. the curves for values of — = 25 that establish 

4 *^ ^ 

top part of the envelope curve for Z-stiffened panels have been 
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Obtained entirely by extrapolation. Check tests made since the 

preparation of the curves in reference 2 showed tliat, for ~ = 1.00, 

'^S 

*^W — 

— = 25 , and — = 20 , the hi^iest attainable 54 \ras equal 

to 40.2 ksi. A corrected envelope citTve, based on these check tests 
would fall only slightly above the curve for hat-stiffened panels. 

Because of the several factors disc\;ssed that tend to alter the 
compai’ison of envelopes given in figure 7^ trui.y comparable envelope 

tr./ 

cm'ves for hat- and Z-stiffened panels, for — = 1.00, might be 

more favorable to the hat- stiff ened panels than those given in 
figure 7 • 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., June 11, 1947 
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Figure i.- Cross section of a test panel. 
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TABLE 1 

TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH ^ =0.6 





<^or 

(kal) 

(ksl) 

L 

vT 

(In.) 

p 

1^ 

L/Vc, 

(ksl) 



( 5 l 


L 

)(ln.) 

P 

1 

L / Vc 
(ksl ) 

*1 

Observed 

AdJ us ted 

( 

Dbserved 

Ad Jus tec 

1 (ksl 

4 = 25 

^ = 35 
ts 

20 

in 

31.7 

35.5 

37.6 

30.7 

39.7 

Il;l 

20 .0 

4.23 

7.03 

XX. 20 
X6.78 

0.9x8 

2.449 

20 

29.1 

29.0 

30.6 

19.7 

25.8 

16.4 

37.1 

lU 

20.4 

XO.9X 

X6.37 

0.806 

.459 

.256 

.xxo 

2.212 

30 

17.7 

17.0 

36.5 

m 

20.3 

6.8X 

X 8.20 
27. x6 

.586 

.549 

:lll 

2.751 

30 

28.0 
30.6 

30.4 

22.0 

25.1 

25.1 

26.6 

17.7 

53.2 

52.0 

3 X.X 

22.9 

6 . 7 X 
XX. X 9 
X 7.88 

26.89 

.493 

.285 

.174 

.085 

2.491 

1^0 

28.6 

25.5 

27.9 

19.2 

29.5 

26.2 
28 . U 

17.4 

50.7 

30.8 
30 .h 

21.7 

il:ll 

25.02 

37.54 

.392 

.069 

2.995 

40 

26.3 

22.5 

23.4 

22.2 

23.1 

26.2 

28.4 
28.2 
28 ;2 
23.3 

9.30 

24.85 

37.25 

.332 

.198 

.12k 

.068 

2.722 

6 o 

IU .8 

15 .U 

11.8 

X 6 .X 

xk.x 

xu.x 

X 2.2 

23.6 

11:2 

17.9 

14.49 

2k. 05 
^.50 
57.73 

.219 

.154 

.078 

.042 

3.369 

60 

13.8 

14.9 

15.2 

16.0 

2:i 

n 

22.1 
22 . J 

21.4 

19.9 

X4.42 

38.40 

57.57 

.X90 

.115 

.069 

.043 

3*091 

r = 50 

= 75 

20 

18.0 
19.4 

21.1 

20.2 

X8.9 

ll:l 

X 9.6 

33.6 

54.2 

29.8 

20.9 

3.96 

6.65 

X 0.66 

X 5.95 

0.671 

.408 

. 22 X 

.xo 4 

1.974 

20 

8.2 

11.5 

11.4 

9.5 

8.4 

X 2.0 

11.5 

9.7 

30.3 

29.7 
28.1 

19.7 

3.78 

6.34 

xo.xx 

X5.o4 

0.555 

.525 

.193 

.091 

1.733 

50 

^ 7-2 

X 7.8 

20.x 

X 9.8 

lU 

20.5 

20.7 

32.0 

3 X .2 

29.7 

2 X .4 

6 . 6 X 
XX. 00 

X 7.54 

26.34 

.430 
.252 
* .150 
.072 

2.219 

50 

X0.4 

X0.3 

iS.t 

10.9 

10.9 

9.3 

15.4 

50.0 
31 cO 

27.9 

19.3 

6.40 

X0.65 

X6.98 

25.38 

.363 

.225 

.127 

.059 

1.935 

ho 

in 

19.1 

20.3 

l8.k 

X8.9 

X 8.4 

20.5 

m 

26.0 

22.2 

9.1? 

15.34 

24.53 

36.71 

.291 

.132 

.105 

.059 

2.430 

40 

1:1 

iio 5 

10.9 

X 3.2 
X0.5 
X 2.0 
XX. 8 

27.2 

26.8 

27.5 

19.8 

8.88 

X5.00 

23.80 

35.86 

.259 

0I51 

.098 

.047 

2.115 

6 o 

S:? 

Xt )..2 

X 4.8 

x 4 .U 

X 3 .I+ 

22.6 

22.0 

2 X .8 

X 8.6 

14. 4 o 
57.20 

.175 

.102 

.064 

.056 

2.780 

60 

16.5 
11.8 

9.7 

13.6 

in 

10.2 

14.6 

2 X .6 

2 X .6 

in 

x 4.03 

25*4 

37.68 

56.55 

.149 

.089 

.055 

.050 

2.423 
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TABLE 2 

TEST DATA FOR FLAT PANELS ATTH HAT-SECTION STIFFENERS WITH = q.S 




(T 

(kal) 

7 T - 

f 

(ksl ) 

_L, 

(InJ 

2 l . 

L/Vo 

(kal) 

*1 


cT 

cr 

(kal 



) 

L 

yfn.) 

L/Vc 

(ksl) 

^1 

Observed Adjusted 

Observed) Ad Just ei 

1 (kal 

s = 25 
's 

^ = 55 

20 

35.8 

36.9 
31.0 

36.5 

36.3 

32.0 

38.6 
37.8 

32.6 
20.4 

4.42 

7-57 

11.75 

17.75 

o.a+5 

.111 

2.416 

20 

32.1 

28.8 

30.06 

20.6 

29.5 

25.7 

iS.3 

15:1 

51.5 

21.7 

4.32 

7.18 

11.54 

17.33 

0.751 

.427 

.239 

.110 

2.199 

50 

33.4 

19.6 

30.7 

iLi 

35.4 

21.5 

7.0s 

11.78 

18.71+ 

28.29 

.538 

.322 

.198 

.082 

2.680 

50 

28.5 
26.1 

26.6 
21.7 

24.4 
23.7 

30.6 

18.5 

52.1 

50.3 

28.9 

22.9 

6.99 

11.70 

18.67 

27.98 


2.450 

ko 

27.5 
26.1 
27.4 

20.6 

27.4 

25.3 

18.8 

29.2 

28.9 

29.0 

21.7 

lira 

.347 

.206 

.128 

.064 

2.885 

40 

P 

m 

2lo5 

lU 

^.4 

26.6 

lU 

22.U 

9.62 

16.09 

im 

.109 

.061 

2.652 

6o 

15.5 

15.5 

12.L 

11.8 

3J+.0 

14.6 
13.4 

12.6 

22.0 

20.2 

15.1 

14.86 

21+.87 

39.85 

59.70 

.188 

.111 

.064 

.032 

3.180 

60 

11.2 

12.8 

13.7 

13.0 
12.5 

12.1 
15.1 

20.0 

21.0 

20.1 
18.0 

14.86 

21.97 

39.69 

59.49 

.159 

.113 

.060 

.036 

2.956 

= 50 
^s 


20 

21.2 

19.2 

19.9 

19.9 

22.0 

19.6 

20.6 

20.7 

33.8 

i:S 

21.5 

4.21+ 

6.99 

11.22 

16.85 

0.630 

.577 

.201 

.100 

1.975 

20 

11.0 

12.0 
11.9 

10.1 

11.5 
12.7 

12. li 

10.6 

31.1 

30.2 
27.6 
20.0 

4.04 

6.71 

19.74 

16.11 

0.557 

.514 

.179 

.067 

1.743 

50 

19.1 

17.5 

20.0 

19.0 

17.9 

17.6 

20.2 

50.7 

50.5 

30.0 

21.2 

6.88 

18.3 

27.5 

.394 

1 

2.204 

50 

11.2 

11.8 

9.6 

9.6 

11.4 

12.4 

10.2 

10.2 

28.8 

30.0 

26.6 

20.6 

6.71 

11.12 

II:U 

.524 

.203 

.058 

1.882 

w 

17.7 

20.0 

10.6 

20.4 

18.1 

19.0 

18.7 

19.9 

27.7 
28.0 

26.7 
21.4 

9.58 

im 

36.13 

.101 

.054 

2.395 

40 

11.9 

11.5 

11.8 

12.6 

11.5 

9.0 

12.7 

25.6 

25.2 

25.5 

20.4 

9.58 

15.50 

24.91 

57.55 

.230 

.o46 

2.107 

6o 

14.1 

13.6 

14.5 

14.3 

15.1 

15.0 

14.4 

15.5 

20.9 
20.7 

20.4 

16.9 

59.52 

59.19 

.152 

.090 

.056 

.031 

2.695 

60 

9.8 

13.0 

11.8 

13.6 

10.1 

13.5 

12.3 

14.0 

20.6 

20.6 

15.8 

14.52 

24.39 

il:5i 

.047 

.026 

2.386 
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Figure 4 -Compressive strength of fiat panels with hat-section stiffeners. 

^=lOOi 4r=o.8. 
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TABLE 3 

TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH ^ i q 



tw 

cr 

(kal) 


Vc 

(In.) 

^1 

l/Vo 

(kal) 

^1 


/ cr, 
(kal) 


L 

(In.) 

"1 

s 

l/v^ 

(kal) 

Observed 

Adjusted 

(kal) 

Observed 

Adjusted 

(kal) 


^3 

^s 



20 

37.4 

35.5 

m 

38.0 

37.7 

33.0 
21.2 

4.61 

.1:11 

18.40 

0.787 

.472 

.257 

.110 

2:388 

20 

30.4 

30.0 

20.0 

26.4 

26.2 

17.0 

34.5 

54.5 
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Figure 5 ~ Compressive strength of fiat panels with hat-section stiffeners. 
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TEST DATA FOR FLAT PANELS 
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Figure 6.~ Compressive strength of flat panels with hat-section stiffeners. 

^-WO; 


20 


NACA TN No. 1439 



P . NATIONAL ADVISORY 

/ A 5/ COMMITTEE FOP AERONAUTICS 

LAfc' 


Figure 7. - Comparison of envelope curves for 
Z- stiffened panels with t^/t^ =1.00 ( from 
reference 2) and hat -stiffened panels 
with f^/t^ = !.00. 


